Recently, the BESIII Collaboration reported a new measurement of the η c ρ decay mode of Z (′) c , which motivated us to study the inner structure of Z (′) c via investigating the hidden charm decays of these two Z c states. We consider the triangle loop mechanism contribution in the hidden charm decays of Z (′) c . Our estimations indicate that the triangle loop mechanism plays an important role in the decays of the Z (′) c , where our results are in agreement with the experimental observations in a reasonable parameter range. Furthermore, we point out that the Z (′) c can be interpreted as the hadronic molecules, while the tetraquark scenario is less favored. 
I. INTRODUCTION
In 2013, a new charged charmoniumlike state Z c (3900) in the π ± J/ψ invariant mass spectrum was reported by the BE-SIII and Belle Collaboration in the e + e − → π + π − J/ψ process at 4.60 GeV [1, 2] . The statistical significance of Z c (3900) is more than 8σ and the measured resonance parameters are m = (3899 ± 3.6 ± 4.9) MeV and Γ = (46 ± 10 ± 20) MeV [1] . Later, this resonance was confirmed by the CLEO-c in the same process but at √ s = 4.17 GeV [3] , and the neutral partner was also observed for the first time. In the same year, the BESIII analyzed the e + e − → π + π − h c process just after the observation of Z c (3900) and they found a similar charmoniumlike state named Z c (4020)
± in the π ± h c invariant mass spectrum [4] . The measured mass and width are (4022.9±0.8±2.7) MeV and (7.9±2.7±2.6)MeV, respectively, where the significance is more than 8.9σ [4] . In the process e + e − → π 0 π 0 h c at √ s = 4.23, 4.26, 4.36 GeV, the neutral Z c (4020) 0 was also observed by the BESIII Collaboration[5] and therefore, Z c (4020) is an isovector state.
In the open charm process, both Z c (3900) and Z c (4020) have been observed by the BESIII Collaboration. In 2014, Z c (3900) was observed in theD * D invariant mass spectrum of the e + e − → π ± (D * D) ∓ process [6] . Performing the partial wave analysis, the J P quantum number of the Z c (3900) is determined to be 1 + [7] . Similarly, Z c (4020) was observed in the D * D * invariant mass spectrum of the e + e − → π ± (D * D ) ∓ process by the BESIII Collaboration [8] . It is interesting to notice that Z c (4020) is observed only in the D * D * mass spectrum, while in the D * D mode, it is not observed. As for Z c (3900), it can only decay into D * D , because the D * D * mode is forbidden due to the limited phase space. ′ c are the first confirmed charged charmoniumlike states and they contain at least four constituent quarks. Therefore, they are ideal candidates of the tetraquark state. The author in Ref.
[9] predicted a 1 ++ qcqc state around 4.0 GeV before the observation of the two Z c states. Assuming that the Z c is a tetraquark, its mass can be calculated in Refs. [10] [11] [12] [13] [14] [15] [16] . The decays of Z c in the tetraquark assumption were investigated in Refs. [16] [17] [18] [19] . The tetraquark picture was also proposed to explain the Z ′ c [15, [19] [20] [21] .
In addition, it was noticed that the measured masses of Z c and Z [22] . The authors in Ref. [23] studied the D * D interaction and they found a bound state around 3869−3875 MeV, which is consistent with the mass of Z c [24] . In Ref. [25] , Z c was interpreted as a resonance resulted from D * D interaction. In Refs. [12, 19, [26] [27] [28] [29] [30] [31] [32] [33] , the Z (′) c were considered as the D * D( * ) molecular states and theirs decays were investigated. The intermediate meson loops model was also used to investigate the decays of the Z (′) c [34] .In addition, the threshold effects, such as the cusp effect and the initial single pion emission mechanism, were proposed as the source of Z (′) c [35] [36] [37] [38] [39] [40] [41] . To date, the inner structure of these two charged charmoniumlike states has been unknown, and more efforts are necessary to reveal their nature. On the theoretical side, the study on the decay properties of the Z c and Z ′ c is important. By comparing the theoretical estimations with the experimental measured decay properties, the nature of Z c and Z ′ c might be no longer be ambiguous. In other words, the more decay processes are experimentally measured, the more it helps us to distinguish the nature of Z c and Z 
This experimentally measured ratio R (′) could be a good tool for detecting the inner structure of the Z c by exchanging a proper charmed meson. Such a triangle loop mechanism or meson loop mechanism has been widely employed to investigate the hidden charm and bottom decays of higher charmonia and bottomonia [43, 44] . One may wonder if a study of the decays of Z c , whether it is a hadronic molecule or a tetraquark? It is important to realize that the decay mechanism is different for the decay of a hadronic molecule and for a tetraquark state. In the case of a hadronic molecule, the Z (′) c decays to the hidden charm final states via their charmed meson components and the loop mechanism is the primary decay mechanism. As for the tetraquark state, it can directly decay into the hidden charm state via the rearrangement of the four constituent quarks, which should be the major contribution to the hidden charm decays compared to the triangle loop mechanism. Thus, in this sense, the role the triangle loop mechanism takes in the hidden charm decays of Z (′) c could be used to distinguish the molecular and tetraquark scenarios.
In the present work, the triangle loop mechanism is applied to estimate the recent measurements of the Z This work is organized as follows. After the Introduction, we present the amplitudes of hidden charm decays of Z c and Z ′ c in Sec. II, and the numerical results and discussions are given in Sec. III. Sec. IV is devoted to a short summary. In the present work, we apply the effective Lagrangian approach to estimate the hidden charm decays of Z 
In the heavy quark limit, one can construct the effective Lagrangian of charmonia and charmed meson pair couplings, which are [45] [46] [47] 
Considering the heavy quark limit and chiral symmetry, the effective Lagrangian related to the light mesons are [48] 
where the
is the charmed meson triplets. P and V are matrices of pseudoscalar and vector mesons. Their explicit forms are
where the parameters related to the mixing angle are defined as
and the mixing angle is θ = −19.1 • .
A. The hidden charm decays of Z c With the above effective Lagrangians, we can calculate the hidden charm decay processes Z c → J/ψπ and Z c → η c ρ.
As for Z c → J/ψπ, the amplitudes corresponding to diagrams Fig. 1-(a) -(c) are
where a form factor F is introduced to reflect the off-shell effect and to make the amplitude convergent in the ultraviolet region. The estimates in Ref. [49] indicate that the results are weakly dependent on the explicit form of the form factors. In the present work, we use the form factor of
where the Λ is reparameterized as Λ = m E + αΛ QCD , m E is the mass of the exchanged meson, and Λ QCD = 0.220 GeV. The details about the form factor will be discussed in the Sect. III. The total amplitude of Z c → J/ψπ is
where the factor 2 comes from the processes in which D +D * 0 is the intermediate states. The partial width of the process Z c → J/ψπ reads,
where the overline is the sum over the polarization of J/ψ. As for the process Z c → η c ρ, the amplitudes corresponding to Fig. 1-( 
and the total amplitude for process Z c → η c ρ is
Different from π, ρ meson has a large width. Thus, when we estimate the partial width of Z c → η c ρ, the effect of the ρ meson width should be included. The partial width of Z c → η c ρ reads
where
where m ρ = 775 MeV and Γ ρ = 149 MeV are the mass and width of the ρ meson [50] . 
The amplitudes M c and M d corresponding to Fig. 2 -(c)-(d) are the same as M a and M b , respectively. Therefore, the total amplitude for the process
The amplitudes of Z ′ c → η c ρ corresponding to Fig. 2 -(e)-(f) are
Similar to the case of Z ′ c → h c π , the amplitudes M g and M h corresponding to Fig. 2-(g)-(h) are the same as M e and M f , respectively. The total amplitude for the process
With the help of Eqs. (16) and (19), one can estimate the partial widths of Z ′ c → J/ψπ and Z ′ c → η c ρ.
III. NUMERICAL RESULTS AND DISCUSSION
To estimate the partial widths of considered processes, the relevant coupling constants should be fixed. The couplings between the Z (′) c and charmed mesons can be determined by the experimental measured partial decay width of corresponding open charm modes, which can be obtained by total decay width and branching fractions of corresponding open charm modes. However, the experimental measured total decays are quite inaccurate
Here, we apply the center values and the effect of the errors will be discussed in the later sentences. In addition, we assume that Z c dominantly decays into (D * D + H.c.) and J/ψπ. With the experimental measured ratio R between the widths of Z c → D
we can approximately obtain the branching fractions of the open charm modes. Finally, the coupling constant g Z c is determined to be 1.13 GeV with the center values of the ratio in Eq. (27) , while the effect of the errors of the ratio in Eq. (27) will be discussed in the later sentences.
As for the Z ′ c , the Born cross sections for e + e − → π ± (D * D * ) ∓ at 4.26 GeV are measured to be 137 ± 9 ± 15 pb and the fraction from the quasi-two-body cascade decay is [8]
At the same energy point, the cross section of the quasi-twobody process e + e − → π ± Z c (4020 [53, 54] . Here, f ψ = 416 MeV is the J/ψ decay constant, which is determined by the experimental partial width Γ(J/ψ → e + e − ) = 5.55 keV [50] . As for the Pwave charmonium and charmed meson interactions, the coupling constants can be related to the gauge coupling g 1 , where g 1 = − m χ c0 /3/ f χ c0 with f χ c0 = 0.51 GeV [46] . In the couplings of charmed meson and light meson, the gauge coupling g = 0.55 is determined via the partial decay width Γ(D * → Dπ) [50] , and f π = 132 MeV is the pion decay constant. The parameters of couplings related to the light vector mesons are β = 0.9, λ = 0.56 GeV −1 , and g V = m ρ / f π [55, 56] . 
Therefore, the ratio between widths of The coupling constants of charmonia (light mesons) and charmed mesons can be related to some gauge coupling constants in the heavy quark limit and chiral symmetry, which are listed in Table. I. Besides the coupling constants, in the present calculation there is one more parameter, α, which is introduced by the form factor. The form factor is adopted to represent the off-shell effect of the exchanging particle. In Ref. [51] , a monopole-type form factor, (m 2 − Λ 2 )/(q 2 − Λ 2 ), was preferred based on the QCD sum rule calculation. However, the monopole form is not the unique one. In Ref. [52] , the authors applied two types of form factor, the monopole and dipole, which is the square of the monopole and they consider the values of α should be in order of a magnitude of 1. In our previous work [49] , we considered some different kinds of form factors and found that a similar result can be obtained with different forms of form factor, while the α varies in different form factors. Actually, the value of α can not be determined from the first principle. Alternatively, it can be fixed via experimental data.
With the above preparation, we can estimate the partial widths of the hidden charm decays of Z (′) c . In Fig. 3 , the partial width for the process Z c → J/ψπ and the ratio R depending on parameter α are presented. The estimated error of Γ(Z c → J/ψπ) results from the uncertainty of g Z c D * D , which is determined by the partial width of Z c → D * D . As mentioned above, the partial width of Z c → D * D is estimated by the measured total decay width of Z c and the ratio in Eq. (27) . In the estimation of the coupling constants, we only consider the error in Eq. (27) , while the error of the total width in Eq. (25) is not included since this error will not affect the ratio R. The cyan horizontal band is the experimental partial width of the Z c → J/ψπ process, which is obtained by the center value of the total width and the ratio in Eq. (27) with the assumption that Z c dominantly decays into D * D + c.c and J/ψπ. In addition, this experimental information can be used to determine the value of parameter α in the hidden charm decays of Z c .
By comparing our estimation with the experimental data, one can find in the range of α = 3.63 ∼ 4.75, that the experimental data can be reproduced. In the same way, we can estimate the partial width of Z c → η c ρ and the ratio of the widths of Z c → η c ρ and Z c → J/ψπ. In the right panel of Fig. 3 , we present the α dependence of R. Within the α range determined by the partial width of Z c → J/ψπ, the ratio is determined to be 0.81−1.17. This ratio is very close to the lower limit of the preliminary results from the BESIII Collaboration, which is 2.1 ± 0.8. Our results indicate that the triangle loop mechanism plays a dominant role in understanding the hidden charm decays of Z c . The partial widths of J/ψπ/η c ρ modes and the ratio R for Z c estimated in different frames [12, [16] [17] [18] [19] 30] . For comparison, we also present the partial widths of Z c → η c ρ/J/ψπ and their ratio estimated from different methods in Table II [12, [16] [17] [18] [19] 30 ]. As we discussed at the end of the Introduction, the hidden charm decays of the tetraquark state should occur dominantly via the quark rearrangement, and the contributions from the quark rearrangement should be much larger than the ones from the triangle loop mechanism although the triangle loop mechanism always exists in both tetraquark and molecular scenarios. In the present work, the partial widths of hidden charm decay modes resulting from the triangle loop mechanism are estimated to be of order of several MeV, while in the tetraquark scenario, the hidden charm decay widths were evaluated in the literatures to be several tens MeV by using different methods [12, [16] [17] [18] , which are at least 1 order of magnitude larger than the ones from the triangle loop mechanism. Such a conclusion is consistent with our analysis. Furthermore, our estimated partial widths of η c ρ/J/ψπ and their ratio are comparable with the experimental data, which indicates that the triangle loop mechanism plays a dominant role in understanding the hidden bottom decays of Z c , and thus the present estimation supports Z c as a molecular state. → h c π is estimated to be 0.13 ∼ 0.20, which is safely under the measured upper limit 1.9 [42] . In other words, the triangle loop mechanism is also found important in the decays of Z ′ c . Similar to the analysis of the hidden charm decays of Z c , we conclude that Z ′ c can be interpreted as the hadronic molecule, while the tetraquark interpretation is less favored. Bedsides, there are also results from other works, where the author in Ref. [19] estimated the R ′ to be 6.6
+56.8 −5.8 and 0.010
+0.006
−0.004 in the tetraquark and molecule models, respectively, which are quite different from our estimate in this paper. Our estimations indicate that the triangle loop mechanism plays an important role in understanding the hidden charm decays of Z c and Z ′ c . Such decay behaviors of Z c and Z ′ c are consistent with the hadronic molecule interpretation for these two Z c states; thus, the Z c and Z ′ c can be assigned as the hadronic molecules. We also pointed out that the tetraquark interpretation is less favored, which is supported by the estimation of the hidden charm partial width in the QCD sum rule [12, [16] [17] [18] .
